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gABL~S or .$T”I~YjT& AND ~~Ry-OVER FACTOR” l?OR FLAT

RECTANGULAR PJ.IA!TESUNDER COMX’RILSSION

By W. D. Kroll

SUMMARY ;.

Tables of stiffness and carry-over factor are pre-
sented for infinitely long flat plates subjected to a
uniformly distributed Longitudinal compressive load. The
tables are intended for use in solving pro~lems in the
Stab’i.lity of structures composed of plates under com—
pression.

IiVTROi3UCTION

!?he method of moment dis~ribution, originally de-
veloped by Hardy Cross (reference. 1) as a conveuie”nt

means of stress analysis, was extended (reference 2) to
solve problems in the stability of bars under axial load.
For efficient use of the method, tables of stiffness and
carry-o-rer factor for bars in tension and compression
were prepared and published in reference 3.

i?fieusefuln~ss of the method of moment distribution
in dealing with problems in the stability of }ar struc-
tures suggested that the method be extended to apply to
problems in the stability of plate structures. As struc-
tures made up of thin plates ir.crease in c.ompiexiiy,
rigorous application of the classical theory for the
buclciing of t-nin plates ‘becomes more ancl more cumbersome,
and a ioore practicable method of dealing with such prot—

lems becomes desirable. By suitnble extensions of the
definitions of quantities as used in reference 2 in the
method of moment distribution, the entire g~.oup of foz.mu-
las and relations associated with this method may be re-
taineii intact for direct application to plate structures.
(See reference 4.)
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:In order to ap~~ly the method of moment distrihutio”n
to p~oblems in the stability of plate structures, it is
necessary to know the stiffness and the carry-over factor
of a plate under compression, for various conditions of
edge support and restraint. Tab”les of thsse quantities
have been prepared and are presented in this report.

SYMBOLS
. .

Hodul-J.s of elasticity

nondimensional coefficient that takes into .nccount
reduction of modulus of elasticity for stresses
above the elastic range. !Jithin the elastic

range, q~x; above the elastic range, q<l
(see reference 5).

Poissonts ratio

a=

$
=

..

width of plate

thickness of plats

IEt3 -
flexura.1 stiffness of ylatb —--

,. -’ J
‘l&(l – ~’).,

,. ..
,ei’f.e’ct.~iveflexural stiff~.ess for stresses ;above

lougitv.dinal com~ressive stress in Plato

half wave lengt.liof buckles, in longitudinal direction
————

~’,j~j$+(;)fi-”. ‘:”.,:, ,.,—.-—-.—.—A———
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., “The symbols used to designate, .,the stiffne$s and
carr.y+Dzer. factor for the differ”etit types of support and
restraint at the far edge are ‘given in the following :
table: .’

““.: ~i~:a~~tfaxea: .’

“/Yar’ed&e supported and fixed against

~1 ~1 IFar edge supp”or$ed and elastically
,.!
.,,,, restrained against rotation

. S11 Tar edge supported with no ??estra.int~II=o’ ~-
. .

I against rotation ‘t ,. .,4
S111 ~111 = ~. 1“Nar edge free (no support andn’o:

restraint against rotation)
~ UT ~IV = -~.. Par edge supported and subjected .to

:sinusoidalIy distributed moment
.,

i equal and opposite to moment applied~ ~~ .!
at near edge

The quantities S1, ~1, SII, ,and ~tI “.ox this paper
correspond to the quantities S1 , ,C1, S1l\,az3ii~.CO\ire—
spe,ctively, in reference 2. .,

.,.,..’

DEFIiTITIOlfS

Stiffness and carry-over factor,– The solution of.._—.—___
the differential equa%ion for the critical compressive
stress of an infinitely long plate with given edge re-
straints rf3voe,lsthat , when.the plate ?nacklesy the mo—
ments and the r,otati’ons”atvboth “edges “of the ’plate vary

. sinusoidally along the edges ‘and are in phase with each
.otherQ The ratio of moment per uhit length at any point
along the ed~e ti;the rotation at that point is there-
.f~re,c.ohst”&.nt”albtig”the edge for a given wave length.
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l?rom these considerations, it is possible to write the
following definitions of stiffness and cimry-over factor:

Stiffness: If an infinitely long flat plate is
under lon~itudinal compression, with one unloaded edge
on an unyielding support, the ratio of monent per unit
leilgth at any point along thik unloaded edge to the ro-
tation in quarter-radians at’ that point when the moment
is distributed sinus oidally ’is called the stiffness of
the platti.

,’

Carry-over factor: The ratio of the moment per unit
le~?;th Cieveloyed at any point along the far unloaded edge
to the a~~plied moment per unit length at the correspond-
ing yosiiion along the near unioaded edge is called the
oarrW~5ver factor of the plate.

The foregoing definitions make it possible to use
for j“l~,tes stiffnesses and carry—over factcrs exactly
anal.o~ous to those used for bars (references 2 to 4).
The particular definitions of stiffness and carry—over
factor depend upon the conditions of support “and the
amnunt of restraint against ‘rotation at the far edge.

T,a”oles I and 11 do not give-. directly the values of
StifflleSS, but of stiff’nes’s divided by a ~actor E/b ,
to he defined presently. “The actual stiffnesses are
therefore obtained. by multiplying the values in the
tablo~ by 5/?)0 T~le ~a~ue of C is read directly from
the talles.

?“ Sign_converi$ifir&- :A ciock~~ise moment acting on the

edge of a plate is pcsitive.” A positive moment acting
at a point along the edge of a plate produces positive
rotation of the plate at that point.

TABLES

ForQu,las Used in Calculation

The quantities s/(D/b), Syv;l), sq5/?l),

C a~e..tabi+iqted in ta%~e I against kSIV/(~/b),, apd.. ,.
for ‘vzrious vzl.ue,~of theparameter A/b, ,the ratio of
the half wave. l,e,ngthof the.buckles to th& width of the
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pl.ate. The

1

uantity sIII/(~/~) is given only for
vLalues of A 1 great”er than unity and for values of k
that cover the range expected to be needed in the solu-

tion of practiual problems. The quantity sII~/’@/h)
for values of A /l) other than those in table 1 is given

in table II. The stifYness S* and carry-over factor C1
that apply when the far edge of the ylate is elastically
restrained are dependent on the restraint of the far edge
and can he computecl by the formulas given in reference 4.
The formulas used in the calculation of the tables are

~11
-.—.—

#1:
5/13—— = __ L....,_.

5/3 l-i-G’

(3)

(4)
L
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The foregoing formulas are derived in tinea.ypendix of reference ~.

.
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‘Iriorder “to obt’a’in

“7

Accuracy ~
.... .... .... ......... .,,.,,,.-— “--

.,
values ‘~ccur:at’e%o ,%he .numb”er‘“:of.. . . . -.. .

significant figur.ps given’ in “th’e tatiles, the co,m.putatioils
wera rnad~ by using ,either eight “or ten signifitiant. f.lg-
uresm In certain instances the computations invoZved
the -use of rather. s~all dz$ferences of large ,nuDbers ,
whioh. reduce d,a:he accu”r~.c~:..of some of the final values
to five ~~g~$.xxc~nt figures.” ..llquafiions(1 ),’ (2)’, and (3)
were, used .~tnthe form and order given to calculate the
second, third, “and fou-rth”’col-tins’in ta’bze I. ~he f$fth
CO IUIllilwas o,~tained by squaring the second column. The
sixth column. was obtainecl by squa,ring the fourth c,oluqn
and multiplying by the kifth’ co,l~h~; the si;xth column was
,ther~foro made to clepend upon, allpreceding columns. All
values .re??e then tabulated to as’‘many significant fig-
ures as were allowecl by the c’omputhtiohs and the differ-
ences for the sixth column were studied. An independent
check was made for a series of values throughout the
tables as well as for values where errors were suggested.
by irregular differences. After any necessary correc-
tions were made, the values given in the seventh column
were computed. Differ e~ces for this column were then
studied and coamH&b&d where errors were noted by irregu-

,- .-

lar differences. The values Sill/(U/13) ,yiven in ta”Dle

II were conputed from equation (5) to the degree of ac-
curacy p:.eviously monti.oned and were independently
checked for errors by the method of differences. Some
of these values are also incl-~d.efiin table 1,

Langle$. l~iemo~ial Aeronautical Laboratory,
Tor Aeronautics,
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TABLEI.- VALUES OF STIFFNESSANDCARRY-OVERFACTOR

k c
S11 ~2c2 ~IV

%-
~2

s ~ v

o
.1

:;
.4
.5

.6

:;
.9

1.0

1.1
1.2
1.3
1.4
1.5

1.6
1.7
1.8
1.9
2.0

2.1
2.2
2.3

:::

2.6
2●7
2.8
2.9
3*O

3.1
3.2
3.3
3.4
3.5

1.0053215:
.C@55524~
.005’7928:
.0060429[
.00630341
.0065746!

.00685’71:

.0071513!

.0074579(

.00777737

.0081103’

.0084575:

.0088196:

.00919721

.00959131

.0100025

.0104318

.0108801
●0113484
.0118376
.0123490

.0128837

.0134428

.0140279

.0146403

.0152814

.0159530

.0166568

.01’73945

.0181683

.0169802

.0198326

.0207278

.0216685

.02265’70

.0236982

T
3.927013.92712
3.919123.91924
3.911153.91128
3.903093.90324
3.894963.89511
3.886733.88690

3.878423.87860
3.870023.87022
3.861523.86173
3.852933.85316
3.044233.84448

3.835443.83571
3.826543.82683
3.8175313.81785
3.808413.80876
3.799173.79955

3.789823.79023
3.780343.78079
3.770733.77122
3.761003.76153
3.751133.75170

3.741123.74174
3.730973.73164
30720fj63.72139
3.710203.71099
3.699583.70044

3.688793.68973
3.677823,67884
3.666683.66779
3.655343.65655
3.643813.64513

3.632083.63351
3,620133.62168
3.607953.60965
3.595553.59739
3.58290!3.58491

1.0000283187
.0000308296
.0000335566
.0000365176
.0000387333
.0000432260

.000047019s

.0000511417

.0000556202

.0000604875

.0000657781

.0000715302

.0QO077785E

.000084589E

.0000919932

.000100051

.000108823

.000118377

.000128787

.000140129

.000152498

.000165989

.000180710

.000196782

.000214337

.000233522

.000254497

.000277448

.000302570

.000330087

.000360249

.000393331

.000429641

.000469525

.000S13342

.000561604

1.0004367393.90622
.0004755573.89748
.0005133523.80862
.0005563553.97965
.0006028303.87056
.0006530593.86135

.0007073473.85201

.0007660293.84264

.0008294653.83293

.0008980483.82319

.0009722053.81330

.00105240

.00113914

.00123298

.00133451

.00144439

.00156334

.00169212

.00183162

.00198271

.C0214645

3.80327
3.79308
3.782’?4
3.772Z2
3.76154

3.75069
3.73965
3.72842
3.71700
3.70537

.00232394 3.69353

.00251641 3.68148

.00272519 3.66919

.00295174 3.65666

.00319767 3.64389

.00346474 3.63086

.00375494 3.61757

.00407037 3.60329

.00441339 3.59012

.00478661 3.57594

____l_-
.00519289 3.56144
.00563543 3.54661
.00611771 3.53143
.00664328 3.51589
.00721751 3.49995

.

d

TABLE I.- Continued

3.6
3.7
3.e
3.9
4.0

4.1
4.2
4.3
4.4
4.5

4.5
4.7’
4.8
4.9
5.0

5.1
5.2
5.3
‘5.4
5.5

5.6
5.7
5.8
5.9
6,0

6.1
6.2
6.3
6.4
6.5

6*6
6.7
6.8
6.9
7.0

).024793!
.025947’
.0271621
.028445:
.029798!

.031227’

.03273%

.034336(

.036027~

.037819!

.039720:

.041737:

.043881:

.046161[

.04859G

.051178?

.053942:

.0568962

.060057{

.0634471

.067085(

.070999(

.075214?

.0797651

.084686E

.0900216

.095818C

.102132

.109028

.116583

.124886

.134044

.144184

.155460

.168057

3.569993.57219
3.556823.55921
3.543363.54597
3.529603.53246
3.515543.51866

3.501143.50456
3.486403.49014
3.471293.47539
3.455793.46028
3.439883.44481

3.423533.42894
3.406723.41266
3.389413.39595
3.371573.3787’7
3.353163.36110

3.334153.34290
3.314483.32415
3.294113.30481
3.272993.28483
3.251043.26418

3.228203.24280
3.204403.22063
3.179543.19763
3.153523,17371
3.126233.14881

3.0+37533.12284
3.067293.09571
3.035333.06732
3.001443.03754
2.965393.00624

2.926902,97327
2.885652.93645
2.841262.90158
2.793242.86242
2.741032.82070

).00061471
.00067325
.00073781
.00080913
.00088795

.00097517

.001CY7179

.00117896

.00329797

.00143032

.00157,768

.00174202

.00192556

.CQ213089

.00236102

.00261926

.00290977

.00323718

.00360695

.00402554

.00450051

.00504085

.00565725

.00636247

.0071’7185

.00810389

.00918108

.0104309

.0118871

.0135915

.0155965

.0179678

.0207891

.0241677

.0282432

.0473261 3.02525

.0522861’2.99197

.0578443 2.95712

.0640856 2.92056

.0711089 2.88215

.0790303 2.84172

.0879864 2.79909

.0981365 2.75405

.109678 2.70637

.122834 2.65~7

I
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TABLE 1.- Centinued TABLE I.- contlnued

k
- = 0.42
h

———

0
.1

;i
.5

;i
.9

1.0

1.1
1.2

1.?
1.

1.5

1.6
1.
1.~
1.9
2.9

:::

x
2.5

2.6

$:8
2.9
3.0

~.1
3.2

;:2
3.5

).00731305
.00762924
.0095869
i.0030166

.00865907

.00905151

P4
.009 6;
.009
.0102

ii.01066
.0111459

.0116251

.012125
8.012640

.013198
‘i.015761

.0143601

.0149834

.olj6353

.0163175

.0170315

:Mw;

24?.?
.01938
.020
.021147~

.0220951
Xl&o~o$

‘1.025239
.0263909

:Ww’
.0302383
.0316617
.0331635..— ——

~.71LO02
5.73174
3.723 6

?3.71f’8
3.7ot31
3.69~61L

3.68886
3.67998
3.67o 8

83.661 7
3.65265

;:@$

~:611+50
3.60462

3.5461
~3.54L5

g.y#
3:55301
3.54,220
3.53121
3.52003

?
3.0866
3.+97o8
3.48530
3.47330
T.46106
3.1~89

23.4356

3.42287
3.1+0961

;:;82:8
3.36800

15.’740225.73196
3.7235
5.71511

$:$%?+

;.::{;;

3;6713T
3.66229
3.65310

?
3.6179
3.63 37
3.6zlL81
3.61513
~.60531

3.5535
~3.5 525

l?
3.57 00
3.56 60
3.55404

3.5432
3.532b
3.52135

?
3.1010
3.9865

3.48700

H% z
3.450793.43826

;,gzg

3:3916
83.3558

3.37170

.0000562052

.0000633393

.0000689176

:R%i$w?

).0000531L80710.000748156
.cIoo.81o653
.000873209
.000951219
.00105013
.00111542

.000088’7305

.0000965186

.000104989

.ooo11j203

.000124230

.000206214

.00022402

.000
?$

63
.0002 259
.000290072

.000316101

.000344568

::@g;

.0001+881$IIj

:WfJ$g

.000696480

.00062170
6.00034544

Jxm;:427

4.0010992

.0017434
1.0019204

.00210191

.00227502

.00246251

.00266565

.0028876

.0031J.40

.00338319

.00366396

.0096868

$$J8F

.00547?1:

.0053605
Z$.006885

.0069637

.0058300
8.0023552

.0089426
i;::;7;4;3

?.011 903
.0125031

4.9
5.0

5.1
5.2

R
5*5
5.6

;:i
5.9
6.0

6.1
6.2
;“{
6:5

6.6

M

;:;

1.0347493
.0364251
.081975
II.000755

.04206.09

Y
.0 1683
.044052
.0487820
.0513100
.0540019

.0568720

.0599357

.0632105

.0667161

.0704742

$&%:

.085774

.0940411

.099658
1.10606

.113425

.121096

.129505

k
::3W?
.10286

13:;2$1

.202846

%!
.29192

;
5.3534
3.3?J85
5.32331
3.T0764
3.29154

X#?J
3.22227
3.20357
3.18423
3.164.21
3.14346
3.1210

?+3.0999

3.076ti
3.0517
3.0262II
2.99958
2.97152

::$$

2:84.270
2.80552

2.76534
2.7223
2.67601
2.62580
2.57101

?
2.1092
2.+4456
M%;
2.19387

k
~= 0.42

.,
).35752
;.;~$
>:31296
~.29737

5.28138

k
5.2697
~.’zilU
3.23078
3.21294

3.19)+56
3.17562
3.15607
3.1386

z3.1196

3
3.0931
3.0706
3.04755

2:;%!

2.97168

~$#?J

2:85318

2.8162

i::;::1
2.70670
2.661@6

2.61867
2.56984
2.1723
z2.6027

2.39833

1.0012075~
$:; ;:;9

h?.001 058
.00176912

:%7%
.00263271
.00291621

.0032J)&

.00359229

.00 9557
?-?.00 5103

.00@6661

.00555168

.0062175
3

;Hj?&

.00999317

.0113222

l$?l
J);2:;2

.01 7715

.01$)252$)

.0221911

.02569~5

1::; ;:;

.01+@6?

.0118T511

.0582031

J:: %%

0.0136123

‘!

.o1 827

.01 161

.017625

.01925?0

.0210056

.0229558

.0251061

.02T@0

.0301040

.0330080

.0362266

.09798
;8.0 yT6y

.0181910

.05 1218.
8.05 6308

.0647976

.071’7146

.0Z318PS

.0882486

.0981102
:;;;;;

J?
.136531

.153066

.172016

.~g813
i.21980

.248164

2?;.;~8 ~

3:20104I 7
3.18020I
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i
.9089
.9851
1.0391
1.0930

1.1504
1.211
1.276i
;:.6J
$

1.5007
1.5862

::%
1.

::%

:;XJ

2.7224
2.906

1
$:;%9
3.5669

1.21180

t::; %
.096 81L
.05&

.:%gg
-.0727)+5
-.11854
-.16580

-.21461
-.26505
-.51721
-.57116
-.42702

-.$8488
::~4J7&J

-.67i6
1-.7387 -

-.80851“
-.88108
..95666
-1.035
.1.117k

.l.2051+

.1.251
8.1.369

.1.482
i.1.583

.1.6965

.1.8102

.1.9300

.2.062
8.2.194



TASLE I.- Continued TABLE I.- continued

Tk o

1 I I I I I I

A-=1. EmA-= 1.50
bb

):;;g;;

.’75709

;W$

.82669

.85222

.87908

.90735

.95716

.96863
1.0019
::;;%

1.1*

1.1564
1.201
1..249t

::;%

1.4159

::$%
1.6252
1.7074

::8?13
2.0050
2.1257
2.2603

2.4112
2.5817
2.777

z2.995
3.2569

.95033

:%?

:;%
.63277

.51946

.36998
,16225
.14832
.66763

1.7230
5.0776

0
.1

::
.5

;:
.9
1.0

1.1
1.2
1.
1.t
1.5

1.6

;:8
1.9
2.0

2.1
2.2

::1
2.5

2.6

H
2.9
3.0

~.1
3.2

?:{
5.5

.1742

.1 ?4
1~.1 10

.1888

.1981
$.1988

.20410

.20947

.21500

.22070

.22656

.25260

.2882

.252
‘t.2518

.25865

.26566

.2290
J.2055

.2880

.2959z

.50416

.31261

.32132

.33052

.33960

.34919
:;2;0?

8.3798
.59080

:~?;
:gs!;
.45120

,Mo27
,86729
,8415
.?.8082

,82731
,81562

:%18
.77141

:%x

.72740

;%?:
.6!147
.66570

.64971

%$

.58326

.56601

k;;$ !
;g2;

.47555

?;$%~6

.39772

P:;;11

?4:;?8:
.29275

1.2965

i
1.2 09
1.2 32
1.275
1.267t
1.2596

H
1.2 1
1.2 3
1.2351
1.2267
1.2183

1.2097
1.2010

i
1.1 22
1.1 73
1.1743

1.1651

?
1.1 59
1.1 65
1.1370
1.1273

1.1175
1.1076
;.: ~;

8
1:0770

1.066
1.0 53

‘?
1.0 0
1.03 0
1.0229

1.0115
1.0001
.98837

:W&
-...--—

).1037
.1076k
d;~:

.12063

.12535

.15031

t
.1 550
.1 094
.14665
.15265

.15895

.16557

::$~;

.1970
t.2026

.21330

.22285

.23291

.24 6
$

;;;9;:

.29279

.30702

:X&l
.35530
.37353

:2%
.tJ5590

:!W

).4643
.4507i
.59571
.35916
.~2099

.28108

.23931

.1553
J?.1959

.10131

-::2;;?%
-.059578
-.11935
-.18266

-.&986
-.3212

$ .!$
“.97

::5~58;

;:g$

-.98641
-1.114.4

-1.2540
.1.4071
-1.5756
-1.7621
-1.9695

-2.2018
-2.4638
-2.7615
-3.1029
-3.4985

);;gc%$

.22520

::.%;
,’~-.
.15388
.1220

!
.1006
.07426
.052297

1.32209
.32815

2
.3 437
.3075
.54731
.35405

.36098

.56810

i
.3 542
.3295
.39071

:$::;!
.4137
.42710
.43309

.~237

:w
&J;

.49 1
p.50 0

.51 48

.52857

.54110

:w
.58155
.59607
.61117

.62687

.6 320
t.6 025

.f;l{;
—.—

.025651
-.0015239
..029&6

::%$%

-.11587
-.14596
-.17669
-.20807
-.24015_ .

?.?
-.272
-.306
-.34070
::~%1

1.0212
1.0570
1.0942

:::7$

1.2163
1.2607
1.3071

i;: %;

z
!&-

*

‘1



L-398
,

‘j

‘TABLE1.- continued

—.
k o *II I

S! ~z ~2c2 SIV— — _

D/b , q (;/b)z ;/b
I

o
.1

!;
●5

i
.9
1.C

1.1
1.2
1.
J
1.5

1.6

M
1.9
2.0

2.1
2.2

$:t
2.5

2.6

H
2.9
~.o

3.1
3.2

H
3.5

1.98950
.9810

:?i#
.9 92
z.9596

.93686

.9263
i

:$$$

.88926

.87928

;YW
?.8 839

.e3775

.82693

::W
.79335

:;:;;&

.7797
t.7575

.73331

.72063

.70772

:W&

.65352

.6330
t.6278

:X8;

A
= 2.(3(3

b.—

1.1672
1.1623
1.157

$1.12
1.174
1.1423

1.1372
1.1321
1.1269
1.1217
1.1165

1.1112
1.1059
1.1005
1.051

81.097

1.08
f1.076

1.C730
1.067
1.061k

1.0560

4

1.0OJ
1.0 5
1.c36
1.0327

1.0267
1.0207

k
1.017
1.006
1.0024

i:$e;~~

.97724

.97081

1.1522
.1559i

1:% 7
.1672

8.1719

.1618
1.1061

.18517

.1887
?.1973

.1973
t.2090

.2102

.2157z

.22142

;;;J2Z

1?
.2962
.2610
.25279

.2592
i.2668

.2450
i

:;8;;:

.2981

.3066t

.3149

.3 6
‘t.3341

.5499
&.35 1

:;%
i.3727

‘.71175
.70~1

i:t?u
.67M
i.667:

::5?;
llzz.6 OC

.6324
z.6230

:titzz
.5952

1.5866
.57692

.5672

.575
ii.5778

.53790

.52792

.51785

:@

.k7666

.46612

:&??
.43391
.@297

;$:~~

i.3715
.36667

s111

:/b

).6552
..5820i

:FW
.55901
.25117

,11521
..062125,

::W;7
.1.2117

.2.2367
JI.7626
.21.305

I

TABLE I.- continued

).6179
.6~149
.651’3
.66121
.67205

.68.274

.6970

.70
i??

:~;832

.740k7

.7529

J#

:8$2;
.83542
.85058
.8662o

.88229

.89887

.91597

:;%

.97062

.99004
1.0101
1.030
1.052?

1.0746

MN
1.1463
i.1721

!4).5791
.5634

:;;!?2
.51423

:gg

:&9;

.4ok77

:%M7
.34581
.32252

,30062
.2781
.2550k

:% i

;18192
.15615
.12963
.10232
.0741i35

.045194

;%J%J

..11426

k
‘.194-2
.1579
.22346
..26249

; =2.00

~.9916
.L
.I#

:W$

.46613

.48122

.!L969

.513$

.530

t
.5829
.5692
.58638

:i%%

:$%
.6972

t.7239
.75030

:8:;$;

:%$
.90596

P
.9 10
.9019

;%;
1.1075

1.1548
1.2049
1.2579
1.31Q
1:3738

1).>507
.3337
:;~~g

.2 536
;.2 306

.27063

:2%

.23257

.21961

.20652

.19330

.17993

.16642

.15277
;&:

.11091

.06650
i.02233

.06765
i

:%?:0

:%%3,
.0077327
.023332
.039112

;;5:;;;

i.07573
.1O)Q1
.12085



TASLE I.- 00ntinued TABLE 1.- Continued

1.(s7’38
1.0714
1.0690
1.0666
1.064.1
1.0617

0.200600.25128
.23299

&
.2572
.25 6
.23821
.23997

h56044
@#5

3.5716
.57550

8:? M
.58720
.59118
.59520

.5992

.60338

.60753

:P5%

g$

.655
i.6375

k
:2&7
.6515
&J

k

:y:7
$

:X2$
.6851LI

.69046

.69558

.70075

x%

).67346
:::7&

:%!:

.64315

.63692

.63063

.62429

.61789

.61143

.6091
!4.5933

:;&;!

.57822

:%?:

?
.5572
.5509

.54558

.53623

.52897

$&

:?%2
.~{;;:

:$7618

.46833

:t%~

%:4510

b

1.98185
.97912
.97658
.97362
.97086

.96809

.96531

.96251

J
.9590
.9568

,.95405
.9 122
$

:74%
.94262

.93J4

.9394

.93393

.93101

.92808

.92513

.92219

.91921

.91623

.91325

;y7~

.90420
:~;~l

A19~o

8 #.8 8

:%1;

.30280

.30511

A
.3075

:&18

.31458
;Jk;y

k.3219
●32437

.32688

.329@
;;~g~

.33712

●3 975
L.3 37

:~~~g

;;;3;J

i
.:;21$
.36)+56

.36721

.37010

.37301

.3795
2.3791

.38191

.3%92

.3879
7+.?J91O

●39415

.43158

.42675

.42190

.41703
●41213

.l+0722

.@228

.39732

%:? 2%

.38252

.37728

.3221
z.3712

.36200

:;56$

i
:$4%
.35610

.33085

.32559

.32029

.3496

.50965

r
.30 5
.,2986

:%$;
.2825s

;;7@~

1;$6: 9

k.251+

,
\ .



‘;

TABLE I.. COntinued TASLF,I.- con~l~ded

-7--”T-p-----pF-
P-1

—. .
sII:
—

5}1
--..

k

i = 5.00
b

b

0.15046
.10OJ
?.0723

.04996’
,02009’
-.01152:

-.045051
-.08c6~;
..11s61
-.15909
..20258
_e24~7q

.*q~~g

3%8

..47375

..5424s

..61764

..70016

..79121

..89219

-1.CQM
.lel:l-
.l.~~d
-1.4776
.1.6255

.1.E441

.2.1016

.2.4101

.2.7~57

.3.2532

.3..s13
?.k. o 36

.5.749
i:~;:;$

.—

>.78932
.78756
.7879
?,7802

.7822
k.78o4

:;;;;&
.’7?508

.77328
,771L7

,

:;:%;
.76601
.761G8
,7’623~

,

:$%
.75.481
.75496
.75509

.77123

:~;;;
,7~559
.72371

.7!+181

.73991

.75s01

.7561o
,73i+18

.73226

.73033
,72639
,72645
.72!+51

1.0264

‘?
1.025
1.026
1.923
1.022i
1.0219

1.’J21O
1.9201
1.0191.
1.0182
1.0173

1,016L

t
1.015
1.016
1.0136
1,0127

1..0118
1.0109
1.O1OO
1.0090
1.0081

1.0072
1.0062
1,0057
l.oo~
1,0035

1.0025
1,0016
1.0006
.99971
.99877

:j;jl~

.99700

.99405

);;y2~9

::;g~

.23519

.23625

:;;i$
.2;948
.2!+057
.24167

:TLJ

i::4!?
,2L723

.24837

.2&951

.25065

.25180

.25296

.25413

.2550
i;$~60;

J.2585

.26G05

.26126

.262L7

.26369

.26492

;:~;~

.26989

.27116

1.2435
d.2 C2

.2ti69
;:~~;:
.24671

:34::
;$b;~$

.25011

.25080

.2514

.2521i

.25287

.25357
‘1

::;t;i
.25567
.2563
.2570i

1
.2579
.2550
.25921

“i:;2;Z

.26136
,26209
.262e1
.2654
.26t’z
.265oo
.26573
.2661+6
.26720
,26794
-—

:~;~;l

?. ~299G
.52836
.52677
.52519

.52360

.52200

k
.5201
.518I
.51721

.51 61
z.51 00

.5123

.5107i

.50917

.50756
$ g~

i
,50270
.50108

.4995
k.l+97.2

.49619

.49456

.)+9292

,49128
.4864
.48~o0
,1+8635
,h81170

.k8~95

:Wh
.47642

).72256
.72o6o
.71864
.7166~
.711L69

.71271

X&

.70473

.70272

.70070

:Wl
.691161

.69257

:%%?:
.68640
.68L133

.68226

.48018

.67809

:$;%

.67179

:%76J
.565L
.66329

~:~;$

.65$68

.65251

.99311
;g;~:

i
.9026
.9931

:;!;t;

ZY
.986
.984
.9853

.98357
,98261
.9816
.9806k
.97971

Z#&

.9784
i.9787

,97390
.97292
,97195
,97097
,96999

,9601
8.96C3

,96705
,96606
,96508

.96409
)96310
,96211
,96112
)96013

).27243
.27 70

h
.27 9

:;;7;8

.2 889
i.2 020

.281 3
8.2826

.28420

;%$!

.28963

.29101

.2921+o

.29379

::;%
.29805

:;W6
.3023z
.30379
.30526

.30673

.30821
;p:

.31271

.31423

.31575

:W
.32039

0.26868
.2694
.2701i
.27092
.27168

.27&3

.2731
{1.279

.2771

.27547

.27624

.27700

.2777
‘?.2755

.27932

.28010

.28o88

.28166

J
.2821+
.283

::$;;
.28561
.28641
.28721

.28801

.28882

.2896

.29Q4Jl

.29125

.2920

.2928i

.2970
?.2953

.29535

.



.46 l?ACh
-.,.

o
●1
.2
●

z
:5

.6
●7

:;
100

1.1.
1.2

i:{
1.5

1.6
1.7
1..tf
1*9

1/~k

o

:;
●

2
:5

.6

:2
●9

1.0

1.1
1.2
1.
1.?
1.5

1.6
1.7
l.~
1*9
2*O

1.1

1.38 2
z‘1*3F1

::::3!
i1.24 1

1.19i31

1.1414
1.0728

1
.98 36
.~7 $y3
.72718

.50957

2#z2

-2~;694

—.----
--------
—-—
.------

3*4

1.2

1.252~
1.2196
1.1822
1.1395
l.o~gtl
1.0-309

●95955
.87059
●75553
059939
.37293

-::;%?l
-2.475g
-30.579
--------

--------
-—— —-
~— ---
--------

3.6

0.261jobT
.22703S

1.
.1 6902
.1 5 70

&.06 24
z.00 2T@

-.064g6g6
-.145536

ii
-.2 t%6

2~z 69~~~

-.618415
-0’797908
-1.01922
-1.29 07

2-1066 50

-2.16223
-2.88050
-4.0085
-6.0389z’
-10.7175

TAELE 11.- VALUES OF ~
D/b

1.5

0.95033
S&

d
●7945
. 22
Z.3277

.51946

.36998

.16225
-.1%32
-.66763

-1.Y230
-5.0776
-.—---
--—---
-—---

—-----
-------
-—-.——
------

0.239T15
.199809
.1567z7
.109538
.0PY5Y92
.00012919e

-.063~370
-.135502

2
-.216 t$6

?
og 36

:: 14194

-.53T02T
-.6~1515
-.854031
-1.06 72

z-1.32 20

-1.65666
-2.09596
-2. 0387

t-3. Olog
-5.05956

—

2.0

0.6352
.5820z
● 1998
k
:359:?
.25117

.11522
-.06212

::z;t??
-1.2117

-2.2367
-4.7626
-21.z05
--------
-----—.

--------
--------
-------
--------

2.5

0.44606
.39565
:;~:::

.16633

.090925

-,024141
-.16 82

4?-63 92
-.57E$93
-.$$9832

-1.3612

:;;;$2:
-6.6670
-25.71t0

------—
-------
--------
--------

4.0

0.197660
.~62~4g

L
.12 348
.og 256
.040&336

-.0069451(

-.0592177
-.116603
-.179911
-.2 0133

2-.3 8493

-.4;::;

2
i

:: 29946
-.76111
-.914053

-1.094 5
i-1.311 0

-1.57675
-lc.90@jo
-2.33572

3.0

z): :;~;g

.2T0325

.1712 2
Z.10432

.027g503

-.0605~24
..164044
..2g6g43
..435109
..617863

..g4@6T
-1.150g5
-1.56237
.2.1520

L.3.09 7

.4.7.@y3

.g.797’oo

.30.osg6

.--------

4.5

o.lyyNi4
.129284
009766

$
J):C) ~

-.0105611

-’S051gy
2-.0 6 191

?-.1 4848
-.19 141

t-.25 046

-.316217
-. w44
2{
?2

-. 96 4
-*5 997
-.635920

-.740167
-.ti57991
-.992254
-1.14669
-1.32626

0.294961
.250398
.201082
.1%172
.otw6137
.0150727

-.0641 07
Z-.1553 g

-.26152
-.3g675i
-.536ti$20

-.720072

?
~:~.~ ~~~

-1.63712
-2.18966

z
- .o231o
- .42607
-7*2%913
-16.7758

5.0

o.13045g
●1OTO2T

$
.0 2!2332
.0996 0

i
-::::;22$

-.045073
-.ogo6gl$
-.m3614
-.1590&3
-.202375

-.2413?!5
i-.@g 76

t
-. y%;

::473750

-.5424134
-.617637
-.700159
-.791206
-.@21&3

t

.



,+.=.

NACA

TABLE 11.- VALUES OF
@II
— - Concluded
E/b

47

.

6 0 10 15 20

k

o 0.0921666 0.0527543 0.0340 97
f

0.0152524 0.00860406
.1 .0731585 .0412402 .0264 10 .0117431 .00660609

.0534150 .0294648 .0186669 ..00821033 .00460053
% .0328910 .0174189 .0108122 .00465378 .00258735
.4 .0115378 .00509280 .00283687 .00107323 .000566493
.5 -.0106976 -.00752375 -.00525943 -.00253159 -.00146208

.6 -.0338725 -.0204414 -.0134795 -.00616093 -.00349841

.7 -.0580497 -.0336714 -.0218264 -.00981505 -.00554255

.8 -.0832973 -.0472256 -00303031 -.0134942 -.00759455

.9 -.109690 -.0611162 -.0389127 -.0171987 -.00965444
1.0 -.137310 -.0753564 -.0476585 -.0209287 -.0117223

1.1 -.166246 -.0899599 -.0565437
1.2

---------- ------- ---
-.196598 -.104941 -.0655720 -------- -- -------- ---

103 -.228474 -.120315 -.0747468 ---------- ------------
2.4 -0~61994 -.136098 -.0840718 -------- -- -------- ---
1.5 -.297292 -.152307 -.0935509 -------- -- -------- ---

1.6 -.334516 -.168960 -.103188 ---------- -----D------
1.7 -.373831 -.186075 -.112987 ------- --- -----------

1.8 -.415421 -.203673 -.122953’ ------- --- ------- ----
1.9 -.459493 -.221775 -.133089 -------- -- ------- -----

2.0 -.506279 -.240404 -.143400 ----------- ------- ----

25 30 40 50

k

0 0.00551392 0.00383188 0.00215698 0.00138093
.1 .00422803 .00293617 .00165162 .00105704
,2 .00293900 .00203895 .00114577 .000732954
.3 .00164683 .00114020 .000639439 .000408670
.4 .000351509 .000239931 .000132625 .0000841882
.5 -.000946985 -.000661869 -.000~74672 -.000240492

.6 -.00224866 -.00156520 -.000882457 -.000565372

.7 -.00355352 -.00247008 -.00139073 -.000890451

.8 , -.00486159 -.00337649 -.00189948 -.00121573

.9 -.00617288 -.00428445 -.00240873 -.00154121
1.0 -.00748739 -.00519396 -.00291846 -.00186688
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1 DO NOT REMOVE SLIP FROM MATERIAL

I Delete your name from this slip when returning material
to the library.

NASA Langley (Rev. Dec. 1991) RIAD N-75
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